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The chiral magnetic effect (CME) induces an electric charge separation in a chiral medium along
the magnetic field that is mostly produced by spectator protons in heavy-ion collisions. The exper-
imental searches for the CME, based on the charge-dependent angular correlations (γ), however,
have remained inconclusive, because the non-CME background contributions are not well under-
stood. Experimentally, the γ correlators have been measured with respect to the second-order (Ψ2)
and the third-order (Ψ3) symmetry planes, defined as γ112 and γ123, respectively. The expectation
was that with a proper normalization, γ123 would provide a data-driven estimate for the background
contributions in γ112. In this work, we calculate different harmonics of the γ correlators using a
charge-conserving version of a multiphase transport (AMPT) model to examine the validity of the
said assumption. We find that the pure-background AMPT simulations do not yield an equality
in the normalized γ112 and γ123, quantified by κ112 and κ123, respectively. Furthermore, we test
another correlator, γ132, within AMPT, and discuss the relation between different γ correlators.
PACS numbers:
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I. INTRODUCTION
Quantum chromodynamics (QCD), the underlying
theory of strongly interacting quarks and gluons, is in
general perceived as P-even [1], where P denotes the
parity symmetry . However, there are provisions within
the theory that allow parity to be violated locally [2, 3].
The local parity violation in QCD entails vacuum fluctu-
ations that create gluon fields with non-zero topological
charges [4]. The interaction between these non-trivial
topological gauge fields and mass-less chiral fermions
(quarks) may create a domain with a local chirality im-
balance, or unequal numbers of left- and right-handed
quarks [5]. Imprints of such a local chirality imbalance
can be uncovered experimentally in the presence of a
strong magnetic field (B), which generates an electric
charge separation along the B direction, referred to as
the chiral magnetic effect (CME) [6, 7].
The high-energy heavy-ion collisions at Relativistic
Heavy Ion Collider (RHIC) and the Large Hadron Col-
lider (LHC) are known to create conditions conducive
to the experimental detection of the CME. A deconfined
QCD medium produced in the collision allows for the
creation of the metastable P-odd domains, while the en-
ergetic spectator protons generate a very strong B field,
with the initial magnitude on the order of 1014 Tesla.
The CME coupling between the P-odd domains and the
strong B field will lead to different preferential emissions
for different charges along the B field or across the reac-
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tion plane (RP) of the system [8, 9]. The RP is spanned
by the impact parameter and the beam momenta .
Over the last decade, the experimental search for the
CME has become a major objective for the heavy-ion re-
search program at RHIC and the LHC. See Refs. [10, 11]
for recent reviews. A commonly used observable of the
CME-induced charge separation is the charge-dependent
two-particle azimuthal correlator relative to the RP, de-
fined as [12]
γ112 = 〈cos(φα + φβ − 2ΨRP)〉, (1)
where φα and φβ are the azimuthal angles of two parti-
cles, bearing same or opposite electric charges, and ΨRP
is the reaction plane angle. In practice, ΨRP can be ap-
proximated by an event plane (ΨEP) or the second-order
symmetry plane (Ψ2), estimated from the azimuthal dis-
tribution of final-state particles. The correlator thus
obtained will then be corrected with the corresponding
event plane resolution (Res{Ψ2}) [13]. Alternatively,
γ112 can be calculated with a reference particle φc in-
stead of Ψ2:
γ112 = 〈cos(φα + φβ − 2Ψ2)〉/Res{Ψ2} (2)
= 〈cos(φα + φβ − 2φc)〉/v2,c, (3)
where vn,c is the n
th-order anisotropic flow of particle c,
vn = 〈cos[n(φ−Ψn)]〉/Res{Ψn}. (4)
Conventionally, v2 is called elliptic flow, and v3, triangu-
lar flow.
The CME-induced charge separation will give rise to a
positively finite value of ∆γ112 (≡ γOS112− γSS112), where SS
means same-sign (α, β = +,+ or −,−), and OS denotes
2opposite-sign (α, β = +,− or −,+). The measurements
of ∆γ112 at RHIC and the LHC indeed have presented
evidence that resembles the typical CME expectations
[14–19, 21]. However, the observed trend in data are
also qualitatively compatible with non-CME background
contributions, such as transverse momentum conserva-
tion (TMC), local charge conservation (LCC) and reso-
nance decays, coupled with anisotropic flow and/or few-
body non-flow correlations [23–26]. This has essentially
prevented the interpretation of the charge separation in
data as a clear manifestation of the CME. Detailed evalu-
ations of background contributions are warranted to ad-
vance experimental searches for the CME in heavy-ion
collisions.
Recently, the CMS collaboration proposed to esti-
mate quantitatively the background in the charge sep-
aration observable γ112 by measuring charge-dependent
azimuthal correlations with respect to the third-order
symmetry plane, Ψ3. Since the pertinent CME signals
are generated across the RP or Ψ2, the charge separa-
tion relative to Ψ3 only contains background contribu-
tions [20, 21]. Similar to Eqs. (2) and (3), one defines
the azimuthal correlator relative to Ψ3,
γ123 = 〈cos(φα + 2φβ − 3Ψ3)〉/Res{Ψ3} (5)
= 〈cos(φα + 2φβ − 3φc)〉/v3,c. (6)
It was argued that the absence of the CME should
validate an equality between the normalized charge-
separation observables across Ψ2 and Ψ3:
∆γ112
v2∆δ
≈ ∆γ123
v3∆δ
or κ112 ≈ κ123. (7)
Here, ∆δ = δOS − δSS, and δ = 〈cos(φα − φβ)〉.
Such an equality was roughly supported by the CMS
measurements, seemingly presenting a challenge to the
CME interpretation of the observed charge separation in
Pb+Pb collisions at 5.02 TeV. Preliminary STAR data
also demonstrate that κ112 and κ123 are both around 2
for most centrality bins in Au+Au collisions at 200 GeV
[21, 22]. However, before using κ123 as a data-driven
background estimate for κ112, one should examine the
aforementioned equality with a realistic background-only
model. In the present work, we perform an explicit test
of this idea with a multiphase transport model (AMPT)
[27], which only contains non-CME backgrounds. Fur-
thermore, we also investigate another variant of the γ
correlator,
γ132 = 〈cos(φα − 3φβ + 2Ψ2)〉/Res{Ψ2} (8)
= 〈cos(φα − 3φβ + 2φc)〉/v2,c. (9)
γ132 employs the same second-order event plane as γ112,
and provides a first-order background estimate for γ112.
Similar to κ112 and κ123, we define
κ132 =
∆γ132
v2∆δ
. (10)
A more detailed discussion on the relation between these
three γ correlators can be found in Sec. IV and in Ap-
pendix A.
II. THE AMPT MODEL
AMPT is a hybrid transport event generator that de-
scribes different stages of a heavy-ion collision at rela-
tivistic energies. This model has four major steps: the
initial conditions, the partonic evolution, the hadroniza-
tion, and the hadronic interactions. For the initial con-
ditions, AMPT uses the spatial and momentum distribu-
tions of minijet partons and excited soft strings, adopted
in the Heavy Ion Jet Interaction Generator (HIJING)
[28]. Then Zhang’s parton cascade (ZPC) [29] is ex-
ploited to manage the partonic evolution, characterized
by two-body parton-parton elastic scattering with the
parton interaction cross section obtained from pQCD
calculations: σp ≃ 9piα2s/2µ2. Here αs is the QCD cou-
pling constant for strong interactions, and µ is the De-
bye screening mass of gluons in the QGP medium. At
the end of the partonic evolution, the spatial quark co-
alescence is implemented to achieve quark-hadron phase
transition in the string melting (SM) version of AMPT.
In this approach, spatially close quark-antiquark pairs
(triplets) are recombined to form mesons (baryons). Fi-
nally, the hadronic interactions are modelled by A Rela-
tivistic Transport calculations (ART) [30].
The SM version of AMPT reasonably well reproduces
particle spectra and elliptic flow in Au+Au collisions
at 200 GeV and Pb+Pb collisions at 2.76 TeV. In this
study, the SM v2.25t4cu of AMPT has been used to sim-
ulate Au+Au collisions at 200 GeV. This version assures
charge conservation, which is particularly important for
the CME-related studies. We set the parton scattering
cross section to 3 mb, the strong coupling constant (αs)
to 0.33, and the Debye screening mass (µ) to 2.265 fm−1.
The parameters for the Lund string fragmentation func-
tion [31],
f(z) ∝ (1− z)a exp(−bm2T /z), (11)
are kept as a = 0.55 and b = 0.15 GeV−2, where z de-
notes the light cone momentum fraction.
III. ANALYSIS
In our analyses of the AMPT events, the centrality
intervals are defined by slicing the impact parameter dis-
tribution. For all the observables, the particles of interest
(POI) come from midrapidities (|η| < 1) with transverse
momentum 0.2 < pT < 2 GeV/c. The n
th-order event
plane (EP) is reconstructed with a broad pseudorapidity
spectrum of charged particles in the range of |η| < 4.5:
Ψn =
1
n
tan−1[
∑
ωi sin(nφi)∑
ωi cos(nφi)
], (12)
3where φi is the azimuthal angle of particle i, and ωi is
its weight. The weight in units of GeV/c is chosen to be
linear with pT up to 2 GeV/c. Note that in the calcu-
lations of vn and γ, self-correlation has been removed to
prevent POI from contributing to Ψn.
Besides the full event plane method, we also explore
the scalar product (SP) approaches with η gaps between
sub-events and POI to mitigate nonflow correlations. In
this method, vn is calculated with
vA(B)n {SP} =
〈QPOIn Q∗A(B)n 〉√
〈QAnQ∗Bn 〉
. (13)
QAn and Q
B
n are the n
th-order complex flow vector, eval-
uated from sub-events A and B in the η ranges of
−5.1 < η < −2.1 and 2.1 < η < 5.1, respectively. QPOIn
refers to the flow vector for POI with |η| < 1. We take
an average of vAn and v
B
n to be the final vn{SP}.
IV. RESULTS
Since the non-CME backgrounds in the γ correlators
can only exist in the presence of anisotropic flow, we want
to first check v2 and v3 from the AMPT simulations.
Figure 1 compares v2 (upper panel) and v3 (lower panel)
between AMPT calculations and STAR data [32, 33] in
Au+Au collisions at
√
sNN = 200 GeV. With the event
plane method, AMPT can describe STAR’s v2 and v3
reasonably well. Within AMPT, the η gap introduced
in v2{SP} only causes small deviations from the v2{EP}
results. In the case of v3, the two approaches demonstrate
larger differences, which may arise from nonflow, flow
fluctuation and longitudinal flow decorrelation.
The CME-induced charge separation, as well as all
the background sources, such as TMC, LCC and reso-
nance decays, can be reflected in the two-particle correla-
tions, which makes δ an important physics observable. In
the following discussions and equations, we will approx-
imately regard the δ-related terms as pure backgrounds,
because δ is dominated by background contributions, and
δ is always coupled with v2 or v3, which further sup-
presses the CME signal by over an order of magnitude.
Figure 2 shows AMPT calculations of δOS(SS) (upper)
and ∆δ (lower) as functions of centrality in Au+Au col-
lisions at
√
sNN = 200 GeV. The STAR results [15] are
also plotted in comparison. Although δOS and δSS from
AMPT seem to display different trends from the corre-
sponding STAR data, ∆δ reveals a good consistency be-
tween AMPT simulations and STAR measurements. As
the major backgrounds in the γ correlators result from
the coupling between collective motion and two-particle
correlations, the consistency shown in Figs. 1 and 2
makes AMPT a promising candidate for the background
estimation for the γ correlators.
Note that δOS and δSS shares a mutual background due
to collective motion and momentum conservation [25].
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FIG. 1: (color online) Centrality dependence of elliptic flow,
v2 (upper) and triangular flow, v3 (lower) for AMPT and
STAR results [32, 33] in Au+Au collisions at
√
sNN = 200
GeV. Flow harmonics from AMPT are calculated with the
event plane and the scalar product methods.
This is also true for γOS and γSS. For example, mo-
mentum conservation tends to push the two POI back
to back, shifting both δOS and δSS downwards. The dif-
ference in this mutual background between AMPT and
STAR data indicates a weaker manifestation of momen-
tum conservation in real data, which may be subject to
the detector details. The focus of this work, however, is
the difference between opposite-sign and same-sign cor-
relations, which is a more robust observable.
Figure 3 depicts the centrality dependence of γ112 (up-
per), γ132 (middle) and γ123 (lower) for same-sign and
opposite-sign particle pairs from AMPT in Au+Au col-
lisions at 200 GeV. The event plane method utilizes the
charged particles with |η| < 4.5 to reconstruct the event
plane, and there is no η gap between the two POI. As a
systematic check, the 3-particle approach takes the ref-
erence particle from 2.1 < |η| < 5.1, and introduces an
extra η gap of 0.4 between the two POI to reduce short-
range nonflow backgrounds. Note that this η gap will
modify the kinematic region of the POI. All the γ cor-
relators exhibit a clear charge dependence over the cen-
trality range under study. The two approaches result in
very similar γSS132 or γ
OS
132, but it is not the case for γ112
and γ123. The observed difference can be attributed to
the different kinematic regions of the POI, which affects
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FIG. 2: (color online) Two-particle correlations δSS, δOS (up-
per) and ∆δ (lower) as functions of centrality for AMPT and
STAR results [15] in Au+Au collisions at
√
sNN = 200 GeV.
the behaviours of momentum conservation.
In order to cancel out the mutual background, we
present in Fig. 4 ∆γ112 (upper), ∆γ132 (middle) and
∆γ123 (lower) from AMPT in Au+Au collisions at 200
GeV. The two approaches show very similar results in
all the three correlations, with the 3-particle magnitudes
slightly lower. Remarkably, in this complete background
scenario of AMPT, a sizeable charge separation can be
observed across all the harmonics of the γ correlators.
Even the centrality dependence of these ∆γ correlations
qualitatively resembles the one expected by the CME
picture. In comparison, the STAR data of ∆γ112 [15]
are also shown, with magnitudes significantly larger than
those from AMPT. The background contributions from
AMPT alone cannot explain ∆γ112 measured by STAR.
Normalized observables, such as κ112, κ132 and κ123,
can facilitate the comparisons between different collision
systems, different beam energies and different model im-
plementations. Figure 5 delineates the centrality depen-
dence of κ112 (upper), κ132 (middle) and κ132 (lower)
from AMPT in Au+Au collisions at
√
sNN = 200 GeV.
Results from the event plane and the 3-particle ap-
proaches are consistent with each other, and the follow-
ing discussions will focus on the event plane method.
The first thing to note is that κ132 is very close to
unity. A constant fit over 0− 80% centrality range gives
κ132 = 0.98± 0.03. We want to invoke the cumulant no-
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FIG. 3: (color online) Centrality dependence of γ112 (upper),
γ132 (middle) and γ123 (lower) for same-sign and opposite-sign
particle pairs, from AMPT in Au+Au collisions at
√
sNN =
200 GeV. Both event plane and 3-particle approaches are dis-
played.
tation to understand this. The cumulant represents the
“true” correlation between two quantities (a and b), and
is denoted by the double bracket
〈〈a · b〉〉 ≡ 〈a · b〉 − 〈a〉 · 〈b〉. (14)
Then γ132 can be expanded in the following way
γ132 = 〈cos(φα − 3φβ + 2ΨRP)〉
= 〈cos(φβ − φα + 2φβ − 2ΨRP)〉
= 〈cos(φβ − φα) cos(2φβ − 2ΨRP)〉
−〈sin(φβ − φα) sin(2φβ − 2ΨRP)〉 (15)
= δ · v2 + 〈〈cos(φβ − φα) cos(2φβ − 2ΨRP)〉〉
−〈〈sin(φβ − φα) sin(2φβ − 2ΨRP)〉〉. (16)
From Eq.(15) to Eq.(16), we utilize the cumulant, and
〈sin(2φβ − 2ΨRP)〉 is zero because of symmetry. The
observation that κ132 ≈ 1 implies that the two cumulant
terms in Eq.(16) tend to cancel each other. If that is
the case, then γSS132 and γ
OS
132 should be close to v2 · δSS
and v2 · δOS, respectively. This expectation is indeed
supported by the AMPT simulations in the upper panel
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FIG. 4: (color online) Centrality dependence of ∆γ112 (up-
per), ∆γ132 (middle) and ∆γ123 (lower) from AMPT in
Au+Au collisions at
√
sNN = 200 GeV. Both event plane
and 3-particle approaches are displayed. STAR data of ∆γ112
[15] are also shown in panel (a) for comparison.
of Fig. 6. Following the same speculation, we predict
in the lower panel of Fig. 6 the centrality dependence of
γ
SS(OS)
132 for experimental data in Au+Au collisions at 200
GeV using v2 · δSS(OS) from STAR. The cancellation of
the two cumulant terms also makes γ132 a nearly-pure-
background observable.
An expansion of γ112 similar to Eq.(16) reveals
γ112 = 〈cos(φα + φβ − 2ΨRP)〉
= δ · v2 + 〈〈cos(φβ − φα) cos(2φβ − 2ΨRP)〉〉
+〈〈sin(φβ − φα) sin(2φβ − 2ΨRP)〉〉. (17)
Now the two cumulant terms add up, instead of cancel
out, making κ112 deviate from unity, as shown in the up-
per panel of Fig. 5. A constant fit over 0−80% centrality
range gives κ112 = 1.29± 0.03 from the pure-background
scenario in AMPT. The grey band in Fig. 5(a) displays an
alternative estimate of the background due to collective
motion and TMC. The TMC effect leads to the following
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FIG. 5: (color online) Centrality dependence of κ112 (upper),
κ132 (middle) and κ123 (lower) from AMPT in Au+Au col-
lisions at
√
sNN = 200 GeV. The κ123 results from the 3-
particles method are not shown to avoid clutter. The STAR
data of κ112 and a background estimate using PHOBOS v2
results are also shown in panel (a) in comparison.
pertinent correlation terms in δ and γ112 [34]:
∆δTMC ∝ 1
N
pT
2
Ω
p2TF
1 + (v¯2,Ω)
2 − 2v¯2,Fv¯2,Ω
1− (v¯2,F)2 , (18)
∆γTMC112 ∝
1
N
pT
2
Ω
p2TF
2v¯2,Ω − v¯2,F − v¯2,F(v¯2,Ω)2
1− (v¯2,F)2
≈ κTMC112 · v2,Ω ·∆δTMC, (19)
where κTMC112 = (2v¯2,Ω − v¯2,F)/v2,Ω, and v¯2 and v¯2 repre-
sent the pT - and p
2
T -weighted moments of v2, respectively.
The subscript “F” denotes an average of all produced
particles in the full phase space; the actual measurements
will be only in a fraction of the full space, denoted by “Ω”.
The background contribution due to the LCC effect has
a similar characteristic structure as the above [35, 36].
κTMC112 has been evaluated for 0 − 50% Au+Au collisions
at 200 GeV, with the v2 measurements by the PHOBOS
collaboration [37, 38]. Figure 5(a) shows a good agree-
ment between the κTMC112 thus obtained and the κ112 from
the background-only AMPT calculations. On the other
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FIG. 6: (color online) Centrality dependence of v2δ from
AMPT (upper) and from STAR data (lower) in Au+Au colli-
sions at
√
sNN = 200 GeV. The γ132 results from AMPT are
also shown in comparison. The v2δ values in the lower panel
come from the STAR measurements of v2 [32] and δ [15], and
serve as predictions for γ
OS(SS)
132 in data.
hand, STAR κ112 data are significantly higher than the
estimated background, except in the most central colli-
sions, where the CME signal is expected to be minimal
owing to the vanishing magnetic field.
The γ123 can be rewritten in a similar way as Eq.(17),
γ123 = 〈cos(φα + 2φβ − 3Ψ3)〉/Res{Ψ3}
= δ · v3 + 〈〈cos(φβ − φα) cos(2φβ − 2Ψ3)〉〉/Res{Ψ3}
+〈〈sin(φβ − φα) sin(2φβ − 2Ψ3)〉〉/Res{Ψ3}, (20)
with the two cumulant terms also adding up. However,
there is no obvious reason to expect κ123 ≈ κ112. A
constant fit over 0 − 80% centrality range gives κ123 =
2.17± 0.15, which is higher than κ112 with a 5.7σ signifi-
cance with the current AMPT statistics. In other words,
the absence of the CME does not validate the equality
between κ123 and κ112. Note that the κ123 values from
AMPT can describe the experimental data reasonably
well, and thus support the idea that γ123 only contains
background contributions. Even so, we should not regard
κ123 as a background measure for κ112. The background
scenario generated by AMPT can well describe the fea-
tures of v2, v3 and ∆δ in STAR data, but expects κ112
and κ123 to be different.
V. SUMMARY
We extend the previous CME-related observables (γ112
and γ123) to γ132 to quantitatively investigate the back-
ground contributions in these azimuthal correlators.
With certain assumptions in the pure-background sce-
nario, γ132 and γ123, when propoerly normalized, could
serve as data-driven background estimates for γ112, the
latter containing both signal and background contribu-
tions. However, the usefulness of γ132 and γ123, or κ132
and κ123, has to be tested with simulations from a re-
alistic event generator. We have employed a charge-
conserving version of AMPT to perform this test for
Au+Au collisions at 200 GeV.
In the absence of the CME, the AMPT calculations
reasonably well reproduce the experimental data of the
centrality dependence of v2, v3 and ∆δ, making a promis-
ing candidate for the background estimation for the CME
measurements. The simulated ∆γ112, ∆γ132 and ∆γ123
all reveal positively finite values in the centrality range
under study, and the centrality dependence resembles the
CME expectation. This warrants a careful investigation
of the background contributions. On the other hand, the
STAR ∆γ112 results are significantly higher than AMPT,
and possible CME contributions can not be ruled out by
our background studies.
After normalization with v2 and ∆δ, κ132 from AMPT
seems to be constant over the 0 − 80% centrality range,
and consistent with unity. This observation indicates
that some pertinent correlations in γ132 are symmetric
between in-plane and out-of-plane, and cancel each other.
κ132 serves as a first-order background estimate for κ112,
and v2 · δOS(SS) provides a prediction for γOS(SS)132 in data.
The background contribution in κ112 has been estimated
with both AMPT and v2 measurements from PHOBOS,
the latter of which takes into account collective motion
and TMC. Both results show very weak centrality depen-
dence, and are consistently higher than κ132 by about
30%. Conversely, the STAR κ112 data demonstrate a
strong centrality dependence, and are significantly higher
than the estimated background, except in the most cen-
tral collisions. These features of STAR data deserve fur-
ther investigations in search of the CME in heavy-ion
collisions.
With the current AMPT statistics, κ123 is higher than
κ112 with a 5.7σ significance. Therefore, in the pure-
background scenario, we should not expect an equality
between κ123 and κ112. There is no indication in our
simulation that κ123 is a reliable data-driven background
measure for κ112, though experimentally their magni-
tudes are close to each other. The latter fact remains
a challenge to both the CME and the background sce-
narios. This calls for future works beyond the pure-
7background scenario of AMPT. The recently developed
Anomalous-Viscous Fluid Dynamics (AVFD) [39, 40] im-
plements the CME signal together with realistic back-
ground contributions, and makes a promising tool for this
purpose.
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VI. APPENDIX A
We want to elaborate a background scenario with flow-
ing resonances, e.g., ρ mesons that decay into pi+ and
pi−. In the absence of the CME, the γ112 correlator for
all opposite-sign pion pairs has the following background
contribution
γBG112 = 〈cos(φα + φβ − 2ΨRP)〉
= 〈cos(φα + φβ − 2φρ + 2φρ − 2ΨRP)〉
≈ fρ/pi±
Npi±
〈cos(φα + φβ − 2φρ)〉v2,ρ, (21)
where fρ/pi± is the fraction of ρ-decayed pions. In the
same way, the γ132 correlator contains a similar back-
ground
γBG132 =
fρ/pi±
Npi±
〈cos(φα − 3φβ + 2φρ)〉v2,ρ. (22)
Since both decay pions are boosted by the parent ρ me-
son, we may consider a crude assumption that φα ≈ φβ ,
which leads to 〈cos(φα + φβ − 2φρ)〉 ≈ 〈cos(φα − 3φβ +
2φρ)〉, or simply γBG112 ≈ γBG132 . This simplified picture
helps us understand how κ132 can serve as a first-order
background estimate for κ112 in a special physics process.
A similar derivation for γ123 in this scenario yields
γBG123 =
fρ/pi±
Npi±
〈cos(φα + 2φβ − 3φρ)〉v3,ρ. (23)
8Once we require φα ≈ φβ , the parent ρ meson should
also go along the same direction, making 〈cos(φα + φβ −
2φρ)〉 ≈ 〈cos(φα+2φβ−3φρ)〉 ≈ 1, or simply γBG112/v2,ρ ≈
γBG123/v3,ρ. Therefore κ123 may also provide a background
estimate for κ112 in this special case.
We may refine the picture by considering φα = φρ+∆φ
and φβ = φρ −∆φ, where ∆φ is a small angle. Then the
core terms in γBG112 , γ
BG
132 and γ
BG
123 become 〈cos(0)〉 = 1,
〈cos(4∆φ)〉 and 〈cos(∆φ)〉, respectively. In reality, the
aforementioned assumption is oversimplified, and ∆φ is
not always small. Therefore, we need a more realistic
model such as AMPT to perform the background esti-
mation.
